In this note we revisit some of the recent 10d and 4d arguments suggesting that the uplifting of supersymmetric AdS vacua leads to a flattening of the potential, preventing the formation of dS vacua. We explain why the corresponding 10d approach is inconclusive and requires considerable modifications. We also show that while the flattening effects may occur for some extreme values of the parameters, they do not prevent the formation of dS vacua within the range of validity of the 4d KKLT models. The KL version of the KKLT scenario based on a racetrack superpotential requires parametrically small uplifting, which is not affected by flattening. We show that this scenario is compatible with the weak gravity conjecture for a broad choice of parameters of the KL model. Thus, the results of our analysis do not support the recent swampland conjecture.
I. INTRODUCTION
The string theory landscape scenario emerged in an attempt to solve two problems simultaneously: to provide a mechanism of de Sitter (dS) vacuum stabilization in string theory, and to solve the cosmological constant problem. One of the most popular versions of this theory is based on the KKLT scenario [1] , but other mechanisms of dS vacuum stabilization are also available.
The most important part of dS constructions in string theory is the enormous multiplicity of vacuum states in the theory and the possibility to tunnel from one of these states to another [1] [2] [3] [4] [5] . This allows to use the anthropic constraint |V dS | 10 −120 to account for the incredible smallness of the vacuum energy: If there were some vacua with the required energy density prior to the calculation of quantum corrections, then many of them may move away from the anthropic range when quantum corrections are taken into account, but many other vacua will enter this range. Thus one should be able to find many suitable vacuum states even though the precise vacuum energy in these states cannot be calculated with the precision |V dS | 10 −120 .
This basic idea makes the string landscape scenario very robust. It cannot be invalidated by arguments of naturalness, by the weak gravity conjecture, or by the possibility that radiative corrections may affect dS vacua. To disprove this scenario one would have to prove a no-go theorem, that would state that all of the 10 500 or more dS vacua in string theory cannot exist, as suggested recently in the new swampland conjecture [6, 7] , which we will call the no-dS conjecture. Despite many attempts to prove such no-go theorem during the last 15 years, no such proof is available [8] . * kallosh@stanford.edu † alinde@stanford.edu ‡ evan mcdonough@brown.edu § marco.scalisi@kuleuven.be
One could argue that even though the new swampland conjecture [6, 7] may not have a derivation or proof, it can be validated if future observations demonstrate that dark energy has equation of state different from the dS equation of state w = −1. However, this is not the case. First of all, all models of dark energy proposed in [6] are already disfavored at a statistical significance higher than 4.5 σ [8, 9] . Secondly, the models of dark energy with w = −1 can be constructed in the string theory landscape scenario with dS vacua. Moreover, the possibility to roll down towards the asymptotic dS state may simplify the construction of quintessence models, see e.g. [8, 10] and references therein.
Nevertheless, since this issue is extremely important, one should carefully examine any piece of evidence against the string landscape scenario. One of the main arguments in support of the no-dS conjecture was based on the suggestion of [11] that a certain version of the KKLT scenario does not lead to a consistent uplifting of the supersymmetric AdS vacuum to a metastable dS vacuum.
The investigation performed in [11] consists of two parts: a detailed but very complicated 10d analysis, and a 4d investigation of the KKLT model, which is modified to take into account backreaction. The basic argument of [11] is that, during the uplifting, the potential flattens because of the backreaction to the uplifting, and dS minimum never forms. The authors effectively propose that the backreaction to the uplifting is many orders of magnitude stronger that the basic effect of uplifting. This is a very unconventional proposition, which should be carefully examined.
Because of the complexity of the 10d investigation, the authors of [11] were forced to make various assumptions, or rely upon results previously obtained in different contexts. In particular, some results of the 10d investigation of gaugino condensation in [11] contain divergences, which required regularization and interpretation based on various conjectures [11] . The original analysis of these divergences in [11] contained an error corrected in [12] .
Moreover, a recent examination of this issue in [13, 14] suggests that these divergences do not appear at all if one takes into account the 4-fermion non-derivative coupling, which was neglected in [11, 12] . We present a short discussion of this issue in section II. This is just one of the many reasons to believe that the uncertainties involved in the 10d investigation of [11, 12] make its results inconclusive [8, [15] [16] [17] .
The 4d analysis of the KKLT model in [11] was supposed to confirm the 10d approach and the absence of dS vacua. However, a more detailed investigation in [16, 17] demonstrated that the modified 4d KKLT model proposed in [11] is inconsistent, whereas all known consistent 4d versions of the KKLT scenario, in the domain of their validity, do not support the recent swampland conjecture [6, 7] and are fully compatible with the existence of dS vacua in string theory.
The results of [16, 17] are pretty straightforward and can be easily verified. However, recent comments on these issues in [12] show that a more detailed explanation of the relation between uplifting, flattening, and dS vacua is warranted. We discuss these issues in sections III and IV, and demonstrate by an explicit example that dS vacua do appear for proper choice of parameters even if one assumes extremely strong backreaction and flattening of the potential.
In section V we discuss the KL version of the KKLT mechanism [18] . It is based on a particular version of the racetrack superpotential; it is free from the problems discussed in [11] . Recently Van Riet et al argued [12, 19] that there might be some tension between this class of models and a specific version of the weak gravity conjecture introduced in [19] . However, the particular version of the weak gravity conjecture used in [19] is lacking evidence, 1 and the authors provided no suggestions for how one could justify it. Moreover, an investigation of this issue by Blanco-Pillado et al [20] demonstrated that one can satisfy even the unconventional version of the weak gravity conjecture introduced in [19] by a proper choice of parameters of the KL model. Our investigation of this problem in section V confirms and strengthens the results of [20] for a broad set of parameters of the KL model. Thus, this model, which allows strong vacuum stabilization protected by supersymmetry [8, 21, 22] and is most suitable for constructing realistic inflationary models [23] [24] [25] , does not seem to suffer from any problems with uplifting and stabilization of dS vacua mentioned in [11, 12, 19] .
II. GAUGINO CONDENSATION IN 10d
Gaugino condensation refers to the formation of a nonvanishing fermion condensate Tr λλ in the theory. It plays a significant role in the KKLT construction of de Sitter vacua, since it provides a non-perturbative part of the superpotential W np = Ae −aT , where T is the volume of the 4-cycle wrapped by condensing D7 branes. The fermionic part of the 10d analysis of [11, 12] relies on earlier papers [26] [27] [28] [29] [30] , where gaugino condensation was studied at quadratic order in the fermions. Meanwhile, [11, 12] deduce from [26] [27] [28] [29] [30] the gaugino condensate contribution to the 4d effective action at quartic order in the fermions, but neglect the intrinsic 4-gaugino interaction on D7-branes. This latter fact makes the analysis of [11, 12] incomplete, as pointed out in [13, 14] .
Technically, the computation was performed in [26] [27] [28] [29] [30] using the gauge-fixed κ-symmetric Dp-brane action. It was explicitly stressed there that the result is only valid in the approximation quadratic in fermions. This action is supersymmetric and is known only in the case of a single Dp-brane with an Abelian vector multiplet. The relevant coupling was presented in [29, 30] ,
The D7-brane fills the four-dimensional space X 4 and wraps the four-cycle D of the internal manifold. Note that here G 3 couples only to the fermion on a single D7, λ does not have a non-Abelian gauge group index. The next step proposed in [27] [28] [29] [30] is that for many coincident D7 branes, the 3-form couples to the trace of the fermion bilinears on the surface of N coincident D7 branes,
(2) In [27] [28] [29] [30] the issue of the 4-fermion coupling on the surface of the N coincident D7 branes was not studied. Meanwhile, in [11] (see also [12] ) an assumption was made that replacingλαλα by Trλαλα when describing many D7 branes is the only generalization required. The authors of [11] evaluated the corresponding 4-fermion terms using G 3 equations of motion, and found divergences, which required regularization.
The issues with the 4-fermion 10d analysis in [11, 12] were recently discussed in [13, 14] . In [13] a proposal was made that the 4-fermion terms should be present on the D7 brane, which might resolve the disagreement with the 4d analysis. They suggested to follow the related set up in [31] [32] [33] for an M-theory compactified on a onedimensional interval. The action in [31] [32] [33] has a perfect square term
and the δ(0) singularities cancel due to the perfect square structure in the action, which requires the presence of the 4-fermion term. A proposal made in [13] for type IIB theory with coincident compactified D7 branes has additional features, which, in particular, allow to reach a nice correspondence with the 4-fermion terms in 4d action.
In [14] it was stressed that, as shown in [34, 35] , the 4d supergravity action has a term with the square of the auxiliary field, |F | 2 . And since the on shell value of the auxiliary field involves gaugino
one finds that the bilinear and quartic dependence on gaugino's comes via a perfect square in the action, |F | 2 .
It was also pointed out in [14] that the existence of the perfect square term in 10d action is a general feature of the Einstein-Yang-Mills supergravity [36] [37] [38] and of the underlying 10d superspace geometry. The complete 10d supergravity action, where we suppress terms depending on gravitino and dilatino but keep all terms with gaugino and bosons, is
Type IIB theory in presence of calibrated Dp-branes and Oq-planes as local sources has only 1/2 of the maximal 10d supersymmetry. Therefore the effective action describing IIB supergravity with coincident D9-branes is an action of the Einstein-Yang-Mills supergravity, up to the Born-Infeld type terms with higher derivatives. Therefore gauginos which live on the coincident D9 branes must have a 4-fermion coupling. Dimensional reduction to coincident D7 branes suggests that they also must have a 4-fermion coupling. The reason why this was not discussed in [26] [27] [28] [29] [30] is that their derivation of eq. (1) was based on the κ-symmetric Abelian D7-brane action, which is supersymmetric upon gauge-fixing. For the Abelian vector multiplet which lives on the brane the 4-fermion gaugino interaction vanishes since (λΓ µνρ λ) 2 = 0. Therefore, even if in [26] [27] [28] [29] [30] the issue of the non-derivative 4-fermion coupling would be raised, the answer would be negative, based on the κ-symmetric Abelian D7-brane action.
But in [11, 12] the dependence on non-Abelian gaugino, derived in [26] [27] [28] [29] [30] and shown here in eq. (2), was assumed to be valid without any additional gauginodependent terms even for non-Abelian vector multiplets on D7. From Einstein-Yang-Mills supergravity (5) it follows that the bilinear in gaugino terms must be accompanied by the quartic gaugino term. This means that the assumption in [12, 19] about the absence of 4-fermion terms in the action (2) cannot be valid, and therefore the whole 10d analysis needs to be reconsidered. It is likely that it will reduce to the construction of the kind given in [13] , and the consistency with 4d physics in this aspect will be restored. In what follows we will concentrate on the 4d analysis of the KKLT construction.
III. KKLT MODEL AND ITS CONSISTENT GENERALIZATIONS
The KKLT model in the 4d supergravity formulation can be described by a superpotential
Here S in the nilpotent multiplet representing anti-D3 brane responsible for the uplifting [39] [40] [41] . The Kähler potential can be either
or
The modification proposed in [11] introduces an extra term cAe −aT S in the superpotential, with an extra parameter c describing effects of backreaction
It was argued in [11] that |cA| b. This would imply that the backreaction is much greater than the main effect. This is an unusual proposition which does not seem well motivated [15, 16] .
Instead of debating the reliability of the assumption |cA| b, we studied the general case, including |cA| b as well as |cA| b. According to [11] , the value of c is exponentially sensitive to various parameters of compactification, so in the string theory landscape it may take many different values for any given b. Therefore, following [16, 17] , we will analyze the potential as a function of two independent parameters b and c, and check whether it may have dS vacua.
After Kähler transformation (cAe −aT + b)S → S the model can be equivalently represented as
The denominator in (11) is a perfect square, which is positive everywhere except the point T 0 = 1 a ln(−cA/b), where it vanishes. As emphasized in [16, 17] , this makes the use of the nilpotent multiplet S in the model (9) inconsistent for |cA| > b. (A similar problem appears at large c in the model proposed in [42] ; see [17] ). The inconsistency disappears for |cA| < b, because in that case the point T 0 = 1 a ln(−cA/b) is outside the physical domain with Re T > 0. In that case, the effects of backreaction are exponentially suppressed, and dS uplifting occurs as in the original model (6) .
Note that the inconsistency of the 4d model proposed in [11] is rather subtle; it manifests itself only if one considers the full supergravity model including fermions. If one temporarily ignores this issue and calculates the bosonic potential, one finds that the theory does contain a large family of dS vacua [16] .
To avoid the inconsistency problem altogether, one can add a positive number or function to |cAe −aT + b| 2 in (11). This removes the pole in the denominator in (11) , which makes the theory consistent. For example, one may consider the Kähler potential
where β is some positive number [17] . This immediately makes K SS strictly positive definite, which avoids all inconsistencies of the models of [11, 42] for any choice of β > 0. For 0 < β 1, the KKLT potential in this model practically coincides with the potential obtained in our paper [16] . Thus our results about the existence of dS vacua contained in [16] are confirmed for a large range of parameters for consistent generalizations of the KKLT scenario [17] . In particular, for small β the potential in the model (12) practically coincides with the potential shown in one of the figures in [16] , which we reproduce here for convenience. The potential is shown as a function of t = Re T . Yet another consistent model is described by W (10) and Kähler potential
This model is consistent for any choice of {b, c}. It also has dS vacua for a broad choice of its parameters [17] .
IV. FLATTENING EFFECTS IN KKLT
Recently there was a new paper on this subject, by Van Riet et al [12] , which commented on the 10d and 4d analysis of the KKLT scenario in [11, 16, 17, 42] .
With respect to 10d, the authors of [12] emphasized a problematic issue related to the divergences which appear in the calculations of [11] . However, as we already discussed in section II, investigation of this issue in [11, 12] missed important terms [13, 14] . Thus, in agreement with [15, 17] , we believe that the 10d analysis in [11, 12] is inconclusive. Moreover, according to [11] , their 10d analysis, as well as the one in [12] , is model-dependent; it does not apply at all to the version of the KKLT scenario where the moduli stabilization is provided not by gluino condensate but by the Euclidean D-brane instanton effects.
Therefore in the present paper, following [17] , we concentrate on the 4d KKLT models. The comments on these models given in [12] are very short and somewhat confusing. We feel that some clarifications are in order.
Ref. [12] makes a conjecture that if the parameter c should be suppressed in order to have a well-defined nilpotent description, then the nilpotent description is not adequate to model the flattening effects, which was the main focus of investigation in [11, 12] .
This conjecture consists of two incorrect parts. In the present paper we constructed several consistent 4d generalizations of the original KKLT model. These models remain valid for any value of c, and they adequately describe the flattening effects, which indeed take place in these models as expected in [11] . Thus there are consistent models where the constant c can be large, and the flattening effect is real. However, as we are going to explain, flattening does not imply the absence of dS vacua, contrary to what was conjectured and many times repeated in [11, 12] . dS vacua can be found in all of these models, even for extremely large c, despite the flattening of the potential.
Strictly speaking, one should not study these issues in the model of [11] , as the authors of [12] do, since this model is inconsistent at large c. However, as we already mentioned in the previous section, the fully consistent model (12) constructed in our paper [17] leads to the same bosonic potential as in [11] , in the small β limit. In this sense, investigation of the bosonic potential of [11] provides correct information about the uplifting in the consistent model (12) at small β.
However, while it indeed makes sense to study uplifting in the model of [11] , the authors of [12] do something different: They instead study destabilization of dS vacua, which occurs after the uplifting, during the further increase of c and b. The discussion was based on the Fig. 2 given in [12] , which we reproduce here, with some modifications, using the original notations for the model (9), see Fig. 2 . This clearly shows that there is a large family of dS vacua in this theory, even for c many orders of magnitude greater than b. These results give a simple 4d counterexample for the statements of [11, 12] . Instead of coming to this obvious conclusion, the authors of [12] argue that this scenario is problematic because if one continues increasing c up to c = 1, this leads to destabilization of the uplifted dS vacua.
Indeed, it was shown long ago that an excessively strong uplifting leads to dS destabilization [18] . This effect occurs even for c = 0, if b is too large, so one should choose the uplift parameters carefully [18] . However, this effect has no relation whatsoever to the possibility to uplift from AdS to dS. It is very easy to cure the destabilization of the dS minimum at c = 1, b = 1.77 × 10 −5 . It is sufficient to take a slightly smaller value of b = 10 −5 , which leads to a stable dS minimum shown by the red line in Fig. 2 . It is the same red line that is shown in Fig. 1 in the previous section.
The lesson that follows from this calculation is that the increase of c from 0 to 1 practically does not affect the uplift: The effect of this increase is completely compensated by the less than 50% decrease of b from 1.77 × 10 −5 to 10 −5 . Moreover, as argued in [17] , there is not much reason to even consider the regime with c b, because it would imply a physically unreasonable situation where the backreaction to the small impact provided by b is many orders of magnitude stronger than the original impact. We considered the large c regime only to show that even in this case the consistent dS uplift is possible. But what if c = O(1), which is 5 orders of magnitude greater than the required value of b, still does not seem large enough to convince some authors? To address this question, we now consider an incredibly broad range of values of c 1, all the way up to c = 10 20 , for A = 1, a = 0.1, W 0 = −10 −4 , see Fig. 3 . To present our results for such a large range of c 1 in a single figure, we rescale the potential by multiplying it by 10 15 c 2.02 log c, and plot it as a function of τ = t − 20 log c. We find a set of dS minima for each value of c 1, for bc ≈ 1.5 × 10 −5 . The minima of all of these potentials are at the same point τ = t − 20 log c ≈ 112, with the same curvature at the minimum, and approximately the same height of the barrier, making the dS vacuum metastable.
One may wonder how can one see the promised flattening effect at large c in Fig. 3 ? The answer is that the height of the barrier in this figure was enhanced by the factor ∼ c 2 in order to reveal the similarity of the shape of the potential for various c. Thus the true height of the barrier decreases approximately as c −2 for large c, so the flattening effect is very real, even though it occurs only for unreasonably large c. But we also see that this effect does not forbid dS vacua.
The opposite statement made in [11, 12, 42] was based on an appealing but incorrect conjecture that one can ignore b if c b. This conjecture was not based on any actual investigation. It is incorrect, because the term proportional to c in (9) is exponentially suppressed at large T = t. That is why the position of the minimum at large c shifts towards greater values of t = τ + 20 log c, see Fig.  3 . Thus, our results do not reveal any relation between the flattening effect and the existence of dS vacua. In particular, Fig. 3 demonstrates that well-formed metastable dS minima may exist even if one assumes that b is 45 orders of magnitude smaller than c, and the potential is flattened by more than 40 orders of magnitude.
V. THE KL MODEL AND THE WEAK GRAVITY CONJECTURE
A year after the invention of the KKLT model [1] , it was recognized that combining this model with inflation effectively leads to an additional contribution to µ 2 , which could destabilize the volume modulus in the very early universe [18] . The destabilization may occur at a large Hubble constant because the height of the barrier in the KKLT scenario is proportional to the square of W 0 related to the gravitino mass and the strength of supersymmetry breaking, which was often considered small. This problem disappears if supersymmetry breaking in this theory is sufficiently high, but there are several other ways to stabilize the KKLT potential. The simplest one, proposed in [18] , is to change the superpotential to the racetrack potential with two exponents,
which can arise, for example, in the presence of two stacks of D7 branes wrapping homologous 4-cycles. Gaugino condensation on the first one is responsible for the KKLTtype term Ae −aT , the second one for the term −Be −bT . If there are N 1 branes in the first stack, and N 2 branes in the second one, one has a = 2π/N 1 and b = 2π/N 2 . We assume, without loss of generality, that a > b. The parameters A and B depend on the values at which the complex structure moduli are stabilized [29, 43, 44] , and therefore one may expect A and B to span large range of possible values, due to the large variety of vacua in the string theory landscape.
In what follows we will consider the models where a, b, A, B > 0, and
For µ = 0, the potential V (T ) has a stable supersymmetric Minkowski minimum at T = t 0 , which can be found by solving two equations,
which yields
Adding a small correction to W 0 makes this minimum AdS. For µ = 0, this minimum can be easily uplifted to dS while remaining strongly stabilized [18, 21, 22] . Importantly, the height of the barrier in this scenario is not related to supersymmetry breaking and can be arbitrarily high. Therefore, this potential can be strongly stabilized by a proper choice of the parameters, which makes it especially suitable for being a part of the inflationary theory [23] [24] [25] .
The KL model (14) with the racetrack superpotential is just one of the many possible ways to find nearly supersymmetric vacua. One may consider general superpotentials which may emerge among 10 500 or more versions of string theory compactification, after all quantum corrections are taken into account. If there is a point in the moduli space where supersymmetry is unbroken in Minkowski space (e.g. where equations (16) have a solution), then the tiny uplift required for describing dS space with an incredibly small cosmological constant ∼ 10 −120
does not lead to vacuum destabilization [21, 22] . We should emphasize that for our purposes (the theory of vacuum stabilization) we do not need to require flatness of the potential, large excursions of the field away from the vacuum state, etc. We only need to make sure that the depth of the AdS (nearly Minkowski) minimum is parametrically smaller than the squares of the masses of all moduli in the vicinity of the minimum. This can be achieved in the KL construction.
If the number of possible vacua in the landscape is large enough, the number of nearly supersymmetric vacua should be also extremely large, which should address the general problem of uplifting in such vacua. However, it is always nice to have explicit examples of the models where it may happen in a controllable way.
The status of such models can be probed by applying simple consistency tests. Just like in the original version of the KKLT scenario, one should check that the radius of compactification t 0 sufficiently large, which is necessary for consistency of the supergravity interpretation. One can achieve it, for any A and B, by considering sufficiently small a and b.
In analogy with axion scalar potential generated by instantons, and with the knowledge that D-brane instantons enter the theory via the superpotential [45, 46] , one might anticipate higher order non-perturbative contributions to the gaugino condensate superpotentials in the KL model. The precise sense in which this intuition from instantons can be applied to gaugino condensation is via the dual description of gaugino condensation as Euclidean M5 brane instantons in M-theory (see e.g. [47] for a detailed technical discussion of related issues). Putting aside the technical details of the origin of such terms, one would expect that higher order non-perturbative contri-butions to the gaugino condensate superpotential should be under control near the minimum of the KL potential if
Note that the terms e −a t0 and e −b t0 are strongly suppressed even for moderately large values of a t 0 and b t 0 ,
Using (17), we can represent the conditions (18) as follows:
(20) All these conditions are satisfied, for example, if b a/2 and A 2B. Thus the KL model is expected to be consistent and reliable in the vicinity of the minimum of its potential t 0 for a broad choice of parameters.
Consider, for example, the case b = a/2. Then one can check that the strongest constraint originates from the second inequality,
This expansion parameter is smaller than 1/4 for A > 2B, and is smaller than 10 −1 for A > 5B. It becomes even easier to satisfy all conditions mentioned above for a − b a. Then where does the statement of Moritz and Van Riet [19] that the KL model may contradict the weak gravity conjecture come from?
To understand it, let us discuss the relation between the conditions of the type of (18), (20) and the weak gravity conjecture for the simplest axion inflation models with the Higgs-type potential ∼ (|φ| 2 − f 2 a ) 2 , as in natural inflation. For such axions, there is a series of instantons with action S n = O(nS 1 ), where n = 1, 2, ..., see e.g. [48] . Here f a is the axion decay constant, which describes, up to a factor 2π, the periodicity of the axion potential. One can trust the axion potential ignoring higher order instanton corrections ∼ e −nS1 in the natural inflation scenario only if e −S1 < 1, i.e. if f a < 1. This is the condition that makes natural inflation so difficult to implement.
On the other hand, if, like in the string theory landscape, we do not care about natural inflation, about quantum corrections and the shape of the potential in the angular direction, and only want to make sure that the potential has some minimum somewhere, then the constraint e −S1 < 1 becomes less relevant. Now let us return for a moment to the KKLT scenario with a superpotential with a single exponent W = W 0 − Ae −aT + bS (6) . The requirement of the exponentially large suppression of nonperturbative effects in a vicinity of the minimum of the KKLT potential requires the condition e −a t0 < 1, with t 0 being the position of the minimum. Just as in the natural inflation scenario, this requirement is equivalent, up to a factor 3/2, to the weak gravity conjecture requirement that the effective axion decay constant f a 1, where f a describes the periodicity of the KKLT potential in the Im T direction in canonical variables θ = 2 3 α t0 for Re T = t 0 [19] . Thus, just as in the usual axion scenario, the smallness of the effective axion decay constant f a in the KKLT model appears as a consequence of the requirement that the higher order nonperturbative effects are suppressed, e −a t0 < 1.
However, already at this level the situation is somewhat different from the one in natural inflation. First of all, we are unaware of any higher order KKLT instantons with S n = O(n/f a ) for n > 1. Therefore, while the requirement that higher order nonperturbative corrections should be suppressed seems reasonable, at this stage it is somewhat speculative. Secondly, there is no inflation in the axionic direction in the KKLT model, so we do not need to know the exact form of the KKLT potential in the axion direction. As we already discussed, the main requirement is that it should have a dS minimum somewhere, after potentially significant quantum corrections are taken into account. However, it is important to have t 0 1, to ensure that the supergravity approach to string theory is adequate. To be on the safe side, one may also impose the condition a t 0 > 1. One can easily find parameters which satisfy both of these conditions, but in general, the condition a t 0 > 1 may or may not be required for the existence of dS vacua in KKLT.
Note that the most important features of the KKLT potential, such as the position of the AdS minimum, the position of the dS minimum after uplifting, and the potential barrier responsible for the vacuum stabilization are concentrated at t ∼ t 0 . Therefore all consistency constraints mentioned above are imposed on the theory at t ∼ t 0 . The theory may become unreliable for t t 0 , and indeed we do not expect that the supergravity approximation is adequate for t 1, but this is not our immediate concern as long as t 0 1. Finally, we return to the KL scenario. The full potential as a function of T = t + i α is
+3aAW 0 e −at cos aα − 3bBW 0 e −bt cos bα
Despite the fact that we consider a single axion field α, we see that the potential has three different periodicities along the axion direction. One may try to describe this property of the potential by introducing effective axion decay constants f a ∼ 1/at 0 , f b ∼ 1/bt 0 , and f a−b ∼ 1/(a − b)t 0 . However, this interpretation can be misleading.
Indeed, nonperturbative terms in the KL superpotential (14) are exponentially suppressed for f (20) . It could be tempting, following [19] , to introduce an additional condition
similar to the conditions (19) , or require that the corresponding instanton-type expansion parameter is small, e −(a−b) t0 < 1, as in (18) .
But it is hard to justify this additional requirement. Indeed, if the expression for the superpotential (14) is reliable because of the exponential suppression of the nonperturbative terms, then the expression for the last term in (22) is also reliable. No higher order effects suppressed by e −(a−b) t0 are known to us. Thus, in our opinion, the consistency conditions (18) should be sufficient, and until one provides a good reason for an additional constraint (23) , one may simply ignore it.
However, suppose that one wants to err on the side of caution and take the speculative condition (23) seriously. As we will see, this is not a problem as well. The problem discussed in [19] appears only if one makes two other steps. First of all, the authors of [19] assumed that a − b a, which is not required in the KL model; for example, it was used in [18] , but not in [23] . Secondly, the authors of [19] imposed an additional condition that the last term in (22) must be smaller than the two previous terms for t ∼ 1/a ≈ 1/b.
In our opinion, this last step is unwarranted. Indeed, in the limit a − b a the conditions (18) imply that t ∼ 1/a ≈ 1/b t 0 . Thus the authors of [19] imposed their conditions at t t 0 , at the steep potential wall, very far away from the minimum. This led them to a strong additional constraint |W 0 | min(|A|, |B|) (eq. (16) of [19] ), which played the central role in their investigation, but which is not actually required for the consistency of the KL model.
The main requirement for any model of dS vacuum stabilization in string theory is to be valid in the vicinity of the dS minimum of the potential for some range of values t = O(t 0 ), see e.g. [49] . That is exactly what we did formulating the conditions (18) , and even the speculative condition (23) . All important features of the KL potential appear at t t 0 . If the consistency conditions (18) and (23) are satisfied at t ∼ t 0 , then they are automatically satisfied at all t t 0 .
By using (17) , one finds that for t = O(t 0 ) the coefficient (a − b) in (23) is canceled by the pole 1/(a − b) in (17) , and the strong form of the weak gravity conjecture (23) proposed in [19] is satisfied for a broad range of parameters such that 
According to the discussion of the racetrack potential in eq. (21) of [43] ,
Here a = 2π/N 1 , b = 2π/N 2 , A = N 1μ 3 1 , B = N 2μ 3 2 . There are no known restrictions on the size or sign of the ratioμ 2 /μ 1 . These quantities depend on the values of the complex structure moduli, as discussed in [29, 44] . They may take different values for each stack of the branes, depending on moduli stabilization.
To give some particular examples, let us first consider the case b = a/2. In this case, one has (a − b) t = b t, therefore the additional constraint (23) introduced in [19] exactly coincides with our second constraint in (19) . Therefore for b = a/2 the weak gravity conjecture proposed in [19] does not lead to any additional constraints on the parameters of the KL model. One can show that all required conditions, including a t 0 > 1, b t 0 > 1, and (a − b) t 0 > 1, are satisfied for A 2B. Our results are consistent with the results of Ref. [20] . Similar results are valid as well for the more general case a > b a/2 (including the case a − b a) and A 3B. We are unaware of any no-go theorems that would forbid having such parameters in the string theory landscape.
We conclude, that for a broad choice of parameters, the KL version of the KKLT construction does not violate the standard consistency constraints (18) , and even the speculative form of the weak gravity conjecture (23) introduced in [19] .
VI. CONCLUSIONS
In this paper we note that the 10d arguments of [11, 12] against dS uplifting were based on a number of conjectures and an incomplete theory of gaugino condensation, missing important terms [13, 14] . The full 10d theory is expected to provide results compatible with the 4d description of the KKLT scenario. All presently available consistent generalizations of the 4d KKLT model discussed in [16, 17] and in the present paper reveal the existence of dS vacua in the KKLT scenario.
We also argue that the KL version of the KKLT scenario [18] , which is based on a racetrack superpotential and does not present any problems with uplifting [11] , is compatible with the weak gravity conjecture for a broad choice of parameters of the KL model.
Thus, the results of our analysis of all presently available consistent generalizations of the 4d KKLT model do not support the recent swampland conjecture [6, 7] and are fully compatible with the existence of dS vacua in string theory.
